
http://www.neutrino2008.co.nz

http://www.neutrino08.co.nz
http://www.neutrino08.co.nz


NEUTRINOS:

Stephen Parke
Theoretical Physicist 

Fermilab

Ghosts of 
the 

Universe



Main Entry: neu·tri·no     
Pronunciation: nü-'trE-(")nO, nyü-
Etymology: Italian, from neutro

: an uncharged elementary particle that 

is believed to be massless, or to have a very small mass,

that has any of three forms, 

and that interacts only rarely with other particles

Webster’s Online Dictionary ν



Main Entry: neu·tri·no     
Pronunciation: nü-'trE-(")nO, nyü-
Etymology: Italian, from neutro

: an uncharged elementary particle that 

is believed to be massless, or to have a very small mass,

that has any of three forms, 

and that interacts only rarely with other particles

Webster’s Online Dictionary ν



Main Entry: neu·tri·no     
Pronunciation: nü-'trE-(")nO, nyü-
Etymology: Italian, from neutro

: an uncharged elementary particle that 

has a very small mass,

that has any of three forms, 

and that interacts only rarely with other particles

Webster’s Online Dictionary ν



 1930 – postulated by Wolfgang Pauli              

(to solve energy crisis in radioactive decay)  

Brief Early History
 of the Neutrino



 1930 – postulated by Wolfgang Pauli              

(to solve energy crisis in radioactive decay)  

Brief Early History
 of the Neutrino

 1933 – incorporated into theory of radioactive 

decay by Enrico Fermi who named the 

``neutrino = little neutral one’’ 



 1930 – postulated by Wolfgang Pauli              

(to solve energy crisis in radioactive decay)  

Brief Early History
 of the Neutrino

 1933 – incorporated into theory of radioactive 

decay by Enrico Fermi who named the 

``neutrino = little neutral one’’ 

  1957 – first observed by Cowan and Reines 

using nuclear reactor as the source.  
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1966

And yet the
nothing-particle 

is not a 
nothing at all
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SUN

Solar
Nuclear
Reactor

4 protons + 2 electrons

Helium Nucleus (2p2n)
+

2 Neutrinos (2ν)
+

a little Energy

Using E=mc2

60,000,000,000 neutrinos
            per square cm per sec

at the earth



Day and Night!



Neutrino Picture of the Sun

Size of the Sun:
about One pixel

4 yr exposure,
big “camera”

The Energy produced takes 1,000,000 yrs to get to the surface.

The Neutrinos take 2 seconds to get to the surface. 
                                            
From the Sun to Earth takes 8 minutes.
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Geordi La Forge:
in “The Enemy”

Star Trek: The Next Generation

The visor “sees”
Neutrinos!!!
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Supernova



Mechanics of a Supernova

H Fe n,p

20 M 1.5 M
core

1.5 M
neutron 

star

10 km1000 km10,000,000 km

Energy Released   10    kilowatt-hours!!!
40

sun sun
sun

equivalent to  0.1 M sun
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Supernova Energy Budget 
= $100

 Blowing Star Apart      $1 =    1%

 Light show                    1c =  0.01%  

 Neutrinos                    $99 =  99% 

Neutrino tsunami lasts 10-20 seconds !!!

Light show lasts months
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We are here
Large Magelanic Cloud
170,000 light years away !

Supernova 1987a  - Feb 24

First time in over 300 yrs SN visible to naked eye



8 IBM

12 Kamiokande

Neutrinos from SN 1987a

100,000 times brighter than our Sun in Neutrinos
arrived 3 hours before the light?
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~ 500
Supernova Neutrino Tsunamis

are on their way 
from supernova in our galaxy!!!

Bigger Detectors,   More Detectors
Rate ???        

 2 +/- 1 per century !
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 2002
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detection of 
cosmic 
neutrinos"

Davis, 
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solar

Koshiba,
Japan

supernova



Neutrino Sources

• Reactors
• Sun
• Supernova
• Cosmic Rays on        
              Atmosphere
• Accelerators
• Radioactive
             Sources

• Earth
• Other Astrophysical                                                  

point sources
• Sum of Past             

Supernova
• Cosmic Background





They are the most powerful reactor type in operation in the world. One unusual characteristic of
the N4 reactors is their ability to vary their output from 30% to 95% of full power in less than
30 minutes, using the so-called gray control rods in the reactor core. These rods are referred to as
gray because they absorb fewer free neutrons than conventional (“black”) rods. One advantage is
greater thermal homogeneity. A total of 205 fuel assemblies are contained within each reactor core.
The entire reactor vessel is a cylinder 4.27 m tall and 3.47 m diameter. The first reactor started
full-power operation in May 1997, and the second one in September of the same year.

The Double Chooz experiment will employ two almost identical detectors of medium size, each
containing 10.3 cubic meters of liquid scintillator target doped with 0.1% of gadolinium (see Sec-
tion 4). The neutrino laboratory of the first CHOOZ experiment,1 located 1.05 km from the two
cores of the Chooz nuclear plant, will be used again (see Figure 3). This is the main advantage of
this site compared with other locations. We label this site the far detector site or Double Chooz-

Figure 1: Overview of the experiment site.

far. A sketch of the Double Chooz-far detector is shown in Figure 5. The Double Chooz-far site
is shielded by about 300 m.w.e. of 2.8 g/cm3 rock. It is intended to start taking data at Double
Chooz-far at the beginning of 2008.

1For clarity, the first reactor neutrino experiment conducted at the Chooz reactor is herein referred to in uppercase.

4

#ν′s = 2 × 1020 /sec/GW



Predicted geo-neutrino signal



Neutrinos from the BIG BANG

300 ν from Big Bang
(more than 100x solar)

1 cm3

30,000,000 inside YOU!!!

Neutrinos are Everywhere
Abundant but Elusive
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Three Neutrino Flavors:

Source Detector

e e
νElectron e

µ µ

ν
Muon µ

τ τ
ν

Tau τ

small L/E
at least for



ν
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ν

e µ

NEVER

Until recently:

Long Distances needed!!!
(large L/E)
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?
FUN

νµ

Here the world is truly
Quantum Mechanical.

can oscillate into ντ and back again

Born νµ

Maybe νµ

Maybe ντ
Almost
Pure ντ

Maybe νµ

Maybe ντ
Pure νµ

Time, or Distance Traveled



Near Detector: 980 tons

Det. 2

Det. 1 735 
km

Far Detector: 5400 tons

The MINOS Experiment



TTunnel Boring Machine
First piece of decay pipe

166th plane in Soudan March, 2002
225 out of 486 now installed 
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• 3 light (mi <1 eV) Majorana Neutrinos: ⇒ only 2 δm2

• Only Active flavors (no steriles): e, µ, τ

• Unitary Mixing Matrix:
3 angles (θ12, θ23, θ13), 1 Dirac phase (δ), 2 Majorana phases (α2,α3)

|νe, νµ, ντ〉Tflavor = Uαi |ν1, ν2, ν3〉Tmass

Uαi =




1

c23 s23

−s23 c23








c13 s13e−iδ

1
−s13eiδ c13








c12 s12

−s12 c12

1








1

eiα

eiβ
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• 3 light (mi <1 eV) Majorana Neutrinos: ⇒ only 2 δm2
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• 3 light (mi <1 eV) Majorana Neutrinos: ⇒ only 2 δm2
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• 3 light (mi <1 eV) Majorana Neutrinos: ⇒ only 2 δm2

• Only Active flavors (no steriles): e, µ, τ

• Unitary Mixing Matrix:
3 angles (θ12, θ23, θ13), 1 Dirac phase (δ), 2 Majorana phases (α2,α3)

|νe, νµ, ντ〉Tflavor = Uαi |ν1, ν2, ν3〉Tmass

Uαi =




1

c23 s23

−s23 c23








c13 s13e−iδ

1
−s13eiδ c13








c12 s12

−s12 c12

1








1

eiα

eiβ





Atmos. L/E µ→ τ Atmos. L/E µ↔ e Solar L/E e→ µ, τ 0νββ decay

500km/GeV 15km/MeV

– Typeset by FoilTEX – 1

Atmos. L/E µ↔ τ

Atmos. L/E e↔ µ, τ

Solar L/E e↔ µ, τ

In oscillation phenomena:
the phases α, β are unobservable, U∗

σ,kUρ,k

and also the value of mlite is irrelevant, δm2.

– Typeset by FoilTEX – 1

sin
2Θ13

1

2

3

sin
2Θ12

sin
2Θ23

NORMAL

Νe ΝΜ ΝΤ
N
eu
tr
in
o
M
as
s
S
q
u
ar
ed

Fractional Flavor Content

%msol
2

%matm
2

sin
2Θ13

1

2

3

sin
2Θ23

sin
2Θ12

INVERTED

%msol
2

%matm
2

Solar Sector: {12}
|Uαj|2

– Typeset by FoilTEX – 1

“The” ν Standard Model
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“The” ν Standard Model

• 3 light (mi <1 eV) Majorana Neutrinos: ⇒ only 2 δm2

• Only Active flavors (no steriles): e, µ, τ

• Unitary Mixing Matrix:
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“The” ν Standard Model

• 3 light (mi <1 eV) Majorana Neutrinos: ⇒ only 2 δm2

• Only Active flavors (no steriles): e, µ, τ

• Unitary Mixing Matrix:
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“The” ν Standard Model

• 3 light (mi <1 eV) Majorana Neutrinos: ⇒ only 2 δm2

• Only Active flavors (no steriles): e, µ, τ

• Unitary Mixing Matrix:
3 angles (θ12, θ23, θ13), 1 Dirac phase (δ), 2 Majorana phases (α2,α3)
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“The” ν Standard Model

• 3 light (mi <1 eV) Majorana Neutrinos: ⇒ only 2 δm2

• Only Active flavors (no steriles): e, µ, τ

• Unitary Mixing Matrix:
3 angles (θ12, θ23, θ13), 1 Dirac phase (δ), 2 Majorana phases (α2,α3)

|νe, νµ, ντ〉Tflavor = Uαi |ν1, ν2, ν3〉Tmass

Uαi =




1

c23 s23

−s23 c23








c13 s13e−iδ

1
−s13eiδ c13








c12 s12

−s12 c12

1








1

eiα

eiβ
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The Pioneers

Fact #2: … It requires enduring efforts and difficult experiments… 

John’s summary of 40 years of 

expt+theo work

Ray Davis & John Bahcall

Solar Neutrinos:

Observed

Expected
≈

1

3



 

Sudbury
Neutrino

1000 
tons

Solar



Core

Sun
Earth

νe ν2

Born as νe they exit the Sun and 
arrive at the earth as ν2 !!!

After 40 years of 8B Solar Nu Exp.

ν2

ie  equal mixture of νe   νµ  and ντ
Davis



νe νµ ντ

ν̄e ν̄µ ν̄τ

Neutrino Flavor change ⇒ Neutrino Masses
∑

mν > me / 107

∑
mν < me / 106

me = electron mass = mass Hydrogen Atom / 2000
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Is ν̄ just a ν but with opposite spin ? OR something else ?
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136Xe →
136 Ba + 2e− v 136Xe →

136 Ba + 2e− + 2ν̄e T1/2 ∼ 10
26 years

Neutrinoless Double Beta Decay:



Neutrinos
behave differently than 

Anti-Neutrinos

and

CP violation

Born νµ

Maybe νµ

Maybe ντ

almost
pure
ντ

little  
νe 

Maybe νµ

Maybe ντ
Pure νµ

Time, or Distance Traveled
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NOvA

(off-axis)
!"#$%&'()')%*+

Underground Lab.

DUSEL

MiniBooNE

SciBooNE

MINERvA

MINOS (on-axis)

1300 km

735 km

Powerful Beam

(Project X)

Huge Detector

(LAr or/and Water)

= Proton Decay Detector



The Asymmetry in the behavior of 
Neutrinos verses Anti-Neutrinos 
may explain why the universe is 

now dominated by matter 

and 
not equal parts

matter  and anti-matter !



The Asymmetry in the behavior of 
Neutrinos verses Anti-Neutrinos 
may explain why the universe is 

now dominated by matter 

and 
not equal parts

matter  and anti-matter !
Leptogenesis



ICE CUBE
1 Km 
cubed



44



IceTop

Air shower array

Amanda

String 21



looking
for
rare
high
energy
Neutrinos
from
point 
Sources.

Neutrino Telescope:



Cosmic Gall
          by John Updike NYer 1960

Neutrinos, they are very small.
They have no charge and have no mass
And do not interact at all.
The earth is just a silly ball
To them, through which they simply pass,
Like dustmaids through a drafty hall
Or photons through a sheet of glass.
They snub the most exquisite gas,
Ignore the most substantial wall,
Cold-shoulder steel and sounding brass,
Insult the stallion in his stall,
And scorning barriers of class,
Infiltrate you and me! Like tall
And painless guillotines, they fall
Down through our heads into the grass.
At night, they enter at Nepal
And pierce the lover and his lass
From underneath the bed-you call
It wonderful; I call it crass.





Neutrinos are Everywhere,
Abundant but Elusive



Neutrinos are Everywhere,
Abundant but Elusive

yet Fascinating 
and

maybe Responsible for 
our Existence in Universe.



Neutrinos are Everywhere,
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∆Time = 20 − 30 msec
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H. Gallagher 

Tufts University 

Neutrino 2008 

May 27, 2008 
Neutrinos at the Main Injector (NuMI) 

Alex Sousa - Oxford University 

Beam energy spectrum can be tuned by varying 

the relative positions of target and horns. 

In the LE configuration, interactions are: 

Performance (Week of 5/12): 
–!  10µs spill of 120 GeV protons every 2.2s 

–!  Intensity: 3.0!1013 POT/spill    
–!  0.275 MW beam power 

–!  1018 POT /day 

! 

92.9% " µ , 5.8% " µ , 1.3% "
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